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Biofilm  formation  by  a  metabolically  versatile  bacterium. 

Caroline  S.  Harwood 
Department  of  Microbiology 
University  of  Washington 

Abstract 

Rhodopseudomonas  palustris  is  a  photosynthetic  bacterium  that  has  good  potential  as  a 
biocatalyst  for  the  production  of  hydrogen  gas,  a  biofuel.  With  this  award  we  conducted 
basic  studies  to  facilitate  the  development  of  a  process  where  R.  palustris  cells  grown  on 
surfaces  as  biofilms,  produce  hydrogen  gas  using  energy  from  the  sun  and  electrons 
from  agricultural  waste.  We  characterized  five  new  Rhodopseudomonas  genome 
sequences  and  isolated  and  described  R.  palustris  mutant  strains  that  produce  hydrogen 
constitutively  at  all  times.  We  published  papers  describing  features  of  biodegradation 
and  photosynthesis  that  impinge  on  hydrogen  production.  In  addition,  we  characterized 
hydrogen  production  by  R.  palustris  biofilms.  Taking  a  new  direction,  we  unexpectedly 
found  that  the  plant-derived  carbon  compound,  p-coumarate  is  used  by  R.  palustris  to 
synthesize  a  novel  chemical  language  of  cell-to— cell  communication  in  the  form  p- 
coumaryl-homoserine  lactone.  This  language  may  not  only  allow  Rhodopseudomonas 
cells  to  communicate  with  each  other,  but  it  may  also  be  important  for  communication 
between  bacteria  and  plants. 

Statement  of  the  problem  Rhodopseudomonas  palustris  is  a  photosynthetic  bacterium 
that  has  good  potential  as  a  biocatalyst  for  hydrogen  production  by  means  of  its 
nitrogenase  enzymes.  Hydrogen  is  produced  concomitantly  with  ammonia  as  a  product 
of  nitrogen  fixation.  This  process  requires  large  amounts  of  ATP  and  electrons,  which  R. 
palustris  can  derive  from  plant  biomass  and  sunlight,  respectively.  It  should  be  possible 
to  configure  bioreactors  where  R.  palustris  cells  illuminated  by  sunlight  degrade 
agricultural  waste  and  generate  hydrogen  as  a  product  of  nitrogen  fixation.  R.  palustris 
forms  biofilms  -  defined  as  multicellular  communities  enclosed  in  a  self-produced 
extracellular  matrix  -  on  surfaces  when  it  is  grown  with  the  green  plant-derived  aromatic 
compound,  p-coumarate.  This  is  an  important  characteristic  because  biofilms  provide  a 
means  of  exposing  large  surface  areas  of  cells  to  light,  a  prerequisite  for  hydrogen 
production. 

Summary  of  most  important  results. 


During  the  project  period: 

1)  We  published  a  study  of  nitrogenase  gene  expression  and  hydrogen  production  by 
Rhodopseudomonas. 

Oda,  Y.,  S.  K.  Samanta,  F.  Rey,  L.  Wu,  X.-D.  Liu,  T.-F.  Yan,  J.  Zhou,  and  C.  S. 
Harwood.  2005.  Functional  genomic  analysis  of  three  nitrogenase  isozymes  in 
Rhodopseudomonas  palustris.  J.  Bacteriol.  187:7784-7794. 

R.  palustris  is  one  of  just  a  few  prokaryotes  so  far  described  that  has  vnf  and  anf  genes 
for  alternative  vanadium  cofactor  (V)  and  iron  cofactor  (Fe)  nitrogenases,  in  addition  to 
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nif  genes  fora  molybdenum  cofactor  (Mo)  nitrogenase.  Understanding  the  differential 
regulation  of  nitrogenase  isozyme  synthesis  is  an  important  step  in  the  possible 
development  of  R.  palustris  as  a  biological  catalyst  for  hydrogen  production. 

2)  We  finished  up  work  initiated  some  years  ago  on  the  anaerobic  degradation  of 
aromatic  compounds  by  R.  palustris  and  on  the  regulation  of  this  process.  Aromatic 
compounds  are  good  electron  donors  for  hydrogen  gas  production. 

Peres.  C.  M.  and  C.  S.  Harwood.  2006.  BadM  is  a  transcriptional  repressor  and  one  of 
three  regulators  that  controls  benzoyl-CoA  reductase  gene  expression  in 
Rhodopseudomonas  palustris.  J.  Bacteriol.  188:8662-8665. 

Harrison,  F.H.  and  C.  S.  Harwood.  2005.  The  p imFABCDE  operon  from 

Rhodopseudomonas  palustris  mediates  dicarboxylic  acid  degradation  and 
participates  in  anaerobic  benzoate  degradation.  Microbiology  151:727-736. 

Samanta,  S.  K.  and  C.  S.  Harwood.  2005.  Use  of  the  Rhodopseudomonas  palustris 
genome  to  identify  a  single  amino  acid  that  contributes  to  the  activity  of  a 
coenzyme  A  ligase  with  chlorinated  substrates.  Mol.  Microbiol.  55:1 151-1 159. 


3)  We  published  a  study  describing  the  isolation  of  high  hydrogen-producing  mutants  via 
directed  evolution. 

Rey,  F.  E.,  E.  K.  Heiniger  and  C.  S.  Harwood.  2007.  Redirection  of  metabolism  for 
biological  hydrogen  production.  Appl.  Environ.  Microbiol.  73:1665-1671 

A  description  of  this  study  was  featured  in  Microbe,  the  News  magazine  of  the  American 
Society  for  Microbiology  in  May  2007. 

4)  We  published  a  study  of  regulation  of  photosynthesis  by  R.  palustris. 

Braatsch,  S.,  J.  R.  Bernstein,  F.  Lessner,  J.  Morgan,  J.  C.  Liao,  C.  S.  Harwood  and  J.  T. 
Beatty.  2006.  Rhodopseudomonas  palustris  CGA009  has  two  ppsR  genes  that 
each  encode  repressors  of  photosynthesis  gene  expression.  Biochemistry  45: 
14441-14451. 

5)  In  a  study  that  is  now  being  prepared  for  publication,  we  characterized  hydrogen 
production  by  p-coumarate-induced  biofilms. 

6)  We  identified  a  new  class  of  homoserine  lactone  quorum  sensing  signal  that  uses 
exogenously  supplied  p-coumarate  as  the  substrate. 

Schaefer,  A.  L.,  E.  P.  Greenberg,  C.  M.  Oliver,  Y.  Oda,  J.  J.  Huang,  G.  Bittan-Banin,  C. 
M.  Peres,  S.  Schmidt,  K.  Juhaszova,  J.  R.  Sufrin  and  C.  S.  Harwood.  2008.  A 
new  class  of  homoserine  lactone  quorum-sensing  signals.  Nature  454:595-599. 

7)  We  analyzed  and  reported  the  complete  genome  sequences  of  four  additional 
Rhodopseudomonas  strains. 

Oda  Y.,  F.  W.  Larimer,  P.  S.  Chain,  S.  Malfatti,  M.  V.  Shin,  L.  M.,  Vergez,  L.  Hauser,  M. 
L.  Land,  S.  Braatsch,  J.  T.  Beatty,  D.  A.  Pelletier,  A.  L.  Schaefer  and  C.  S. 
Harwood.  2008.  Multiple  genome  sequences  reveal  adaptations  of  a 
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phototrophic  bacterium  to  sediment  microenvironments.  Proc.  Natl.  Acad. 
Sci.  USA.  105:18543-18548.  Epub  2008  Nov  1 
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